D r, P jriestley s Experiments
acid, and though, on withdrawing the fire, that vapour difappeared, it inftantly re-appeared on renewing the heat. W hen the tube was cool, I opened it under water, and a quantity of air rufhed out, though the acid had been made to boil vio lently while it was clofmg, lo that there could not have been much air in the tube. This air, which muff therefore have been generated in the tube, was a little worfe than common air, being of the ffandard of 1.12 when the latter was 1.04. I repeated the experiment feveral times, and always with the fame refult.
T h at this air fhould be worfe than common air, I cannot well explain. But in my former experiments it appeared that vitriolic acid air injures common a ir; and that in proportion as pure air is expelled from this acid, the remainder becomes phlogiflicated, or charged with vitriolic acid air, clearly appeared in the following experiment.
Making a quantity of oil of vitriol boil in a glafs retort, and making the vapour pafs through a red-hot earthen tube, glazed infide and out, and filled with pieces of broken tubes, I col lected the liquor that diftilled over, and found it to be the fame thing with water impregnated with vitriolic acid air. T he fmell of it was exceedingly pungent, and it was evident, that more of this air had efcaped than could be retained by that quantity of water. T he oil of vitriol ufed in this procefs was 1 oz. 9 dw. i8 g r. and the liquor collected was 6 dw. I2 g r. W hen I colleTed the air that was produced in this manner, which I did not do at this time, it appeared to be very pure, about the ftandard of 0.3 with two equal meafures of nitrous air.
At another time, expending 1 oz. 11 dw. 18 gr. of oil of vitriol, of the fpecific gravity of 1856 (that of water being 1000), on the Vapour of . 291 1000), I collected 19 dw. 6 gr. of the volatile acid, of the fpecific gravity of 1340, and 130 oz. meafures of dephlogifticated air of the pureft kind, v i z. of the ftand It is eafy in this manner to colleCI a great quantity of de phlogifticated air ; but the principal objection to the procefs is, that after ufing a few times, the earthen tubes become tender, and too eafily break, efpecially in heating or cooling. It is alfo difficult to lute the retort containing the acid and the earthen tube. T he air produced in this manner is filled with the denfeft white cloud imaginable.
Going through the fame procefs with fpirit of nitre, the refult was in all refpeCts fimilar, but much more ftriking, the production of both dephlogifticated air and phlogifticated acid vapour being prodigioufly quicker, and more abundant. Ex pending 5 oz. 8 dw. 6gr. of fpirit of nitre, I collected 600 oz. meafures of very pure dephlogifticated air, being of the ftandard of 0.2. I alfo collected 1 oz. 7 dw. I4gr. of a greenifh acid of nitre, which emitted copious red fumes. All the appa ratus beyond the hot tube was filled with the denfeft red vapour, and the water of the trough in which the air was received was fo much impregnated with it, that the fmell was very ftrong ; and it fpontaneoufly yielded nitrous air feveral days, juft as water does when impregnated with nitrous vapour. Perceiv ing the emiffion of air from the water, after it had ftood fome time, I filled a jar containing 30 oz. meafures with it, and without any heat it yielded two oz. meafures of the ffrongeft nitrous air.
Taking the fpecific gravity of the acid before and after this diftillation, the former was to the latter as 1471 to 1182. W hen the weight of the air produced in this experiment, and that of the liquor diftilled, is compared with that of the acid 7 before D r. P r ie st l e y 's 'Experiments before diftillation, it will appear, that there mufl: have been a great lofs of acid vapour, which was either retained in the water of the trough, or efcaped through it.
I do not fee that thefe experiments can be explained, but on the fuppofition that the moil dephlogifticated oil of vitriol and fpirit of nitre are, in a proper fenle, faturated with phlogifton ; and that when part of the acidifying principle is expelled in the form of the air, the remainder is fuperfaturated with it.
T o try whether the acid, thus fuperfaturated with phlo gifton, was convertible into pure air by this procefs, I heated the liquor collefled after the diftillation of the oil of vitriol, that is, water impregnated with vitriolic acid air, and made the vapour pafs through the hot tube, but no air came from i t ; and when collected a fecond time, it was not at all different from what it had been before. T he fpecifc gravity was alfo the fame.
It is evident, however, though this procefs does not (hew it, that the volatile vitriolic acid contains the proper element of dephlogifticated air j fince by melting iron in vitriolic acid air, a quantity of fixed air (which is compofed of inflammable and dephlogifticated air) is produced. Melting iron in 9 oz. meafures of vitriolic acid air, it was reduced to 0.3 oz. meafures, and of this 0.17 oz. meafures was fixed air. I repeated the experiment with the fame refult, and putting the refiduums together found the air to be inflammable.
But the refult was fomething different when I fent through the hot tube the liquor that I had collected in the procefs with fpirit of nitre. No air, however, was produced at the firff, nothing appearing befides a red vapour that was wholely abforbed by water, or efcaped through it into the atmofphere ; but ,towards the end of the procefs I collected 10 oz. meafures of dephlon the Vapour o f Acids, 29x dephlogiflicated air. T he quantity of the liquor expended was about 2 oz. meafures. It may, however, be prefumed, that this final! quantity of air came from fome of the acid which efcaped the a&ion of the fire in the former procefs. In deed its coming at the lafi: only may be confidered as a proof of this, as all the more volatile acid, which came over firft, yielded no air. I fubmitted a quantity of fp irit o f fa it to both thefe procefles, viz, expofing it to a boiling heat in glafs tubes, her metically fealed, and making the vapour pafs through a red hot earthen tube, but no air was produced in either cafe. In the former cafe, the water rufhed into, and completely filled, the tube, when it was opened under water; and in the other pro cefs the liquor diftilled was precifely of the fame fpecific gra vity, and, no doubt, in all other refpedls, the fame as before diftillation; but the acid that remained in the retort was of lefs fpecific gravity, in confequence of the acid vapour being expelled by the heat in the form of marine acid air, which appeared not to be afFefted by a red heat.
Though, in the procefs with fpirit of fait, the refult be dif ferent from that of thofe with oil of vitriol and fpirit of nitre, yet there is an analogy among all thefe three acids in this refpefl, viz, that the marine and both the volatile acids of vitriol and iiitre are made by impregnating water with the acid vapour, fo that in its ufual hate it may be faid to be phlogifticated as well as thefe.
It was evident that the water in the worm-tub was much more heated by the diftillation of the fpirit of fait than by that of the oil of vitriol, and efpecially that of the fpirit of nitre ; fo that much of the heat by which it had been raifed in vapour mufi, in the latter cafe, have been latent in the air that was Vol. LXXIX. U u formed; form ed; whereas, in the other cafe, it was communicated to the water in the worm-tub. In one of the proceffes with boiling fpirit of fait, in a glafs tube, hermetically fealed, I had the fame white vapour danc ing in the middle of the tube as in the experiment with the oil of vitriol; but this tube burfl, and I never had the fame appearance again, though I repeated the experiment feveral times for the fake of it.
T he vapour of dephlogifiicated marine acid, which M. Berthollet difcovered, and with which water may be im pregnated as with fixed air, being made to pafs through the hot earthen tube, became dephlogifiicated air as in the follow ing experiment.
Having poured a quantity of fpirit of fait upon fome manganefe in a glafs retort, I heated it as in the preceding experi ments with a proper apparatus both for receiving the diffilled liquor, and the air. I found feven-tenths of the air was fixed air, and the remainder very pure dephlogifiicated. T he quan tity I could not meafure on account of one of the jun&ures in the apparatus giving w a y ; but I do not imagine that quite fo much pure air could be got in this method as from the mangajiefe itfelf in a direct procefs. T he liquor received in this dis tillation. refembled flrong fpirit of fait in which manganefe had been put.
T his procefs immediately fucceeding that in which the glafs tube, joining the earthen tube and worm-tub, was left full of black matter by the diflillation of the alkaline liquor (which will be mentioned hereafter), the blacknefs prefently vanifhed, and the tube became tranfparent as before. On this account, however, it is poffible that I m ight receive lefs pure air than I fhould otherwife have done.
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. iDiftilled vinegar fubmitted to this prGcefs yielded air twothirds of which was fixed air, and the reft inflammable : ex pending 2 oz. 19 dw. © gr. of the acid, I got 1 oz. 19 dw. o gr. of a liquor which had a more pungent fmell than it had before diftillation. It had alfo fome black matter in it, and fome of the fame remained at the bottom of the retort when the liquor was evaporated to drynefs. T he air I received was 90 oz* meafures.
Alkaline air is converted into inflammable air in this procefs as well as by the eleCtric fpark, but by 110 means, I think, in fo great a degree. I put 2 oz. 10 dw. o gr. of water pretty ftrongly impregnated with alkaline air into the retort, and heating it, fent the vapour through the hot tube ; when I col lected 2 oz. 3 dw. o gr. of liquor, which had a difagreeable empyreumatic fmell, as well as that of a volatile alkali, and it was quite opaque with a black , which fubfided to the bottom of the veffel. Alfo the tube through which the air and vapour had been conveyed was left quite black, as men tioned above. One of the junctures of the apparatus not having been air-tight, I did not colleCt all the air, but it came only at the beginning of the procefs, and before the tube be came black, or any liquor was diftilled, and it was all ftrongly inflammable. 1 (hall now recite a few experiments of a different kind from thole that have been mentioned above, and more immediately relating to the doCtrine of phlogiftoii.
It is faid, by thofe who do not admit the doftrine of phlogifton, that the metals are fimple lubftances, which, having a ftrong affinity to dephlogifticated air, imbibe it when they be come calces, without parting with any thing. But that fomething is really parted with in the calcination (as they will call U u 2 it) 2a6 ZV. P r iestley 's Experiments it) of iron in dephlogifticated air, appears to me to be very evident, as well as in the procefs with fleam.
• T h at fixed air is found in the veffel in which iron is melted in dephlogifticated air, I obferved before; but I never took much care to afcertain the quantity of it. This I have lately done in many inftances, and in all of them find it to be much more confiderable than can be accounted for, by fuppofing it to come from plumbago in the very fmall quantity of iron that I m elted; fo that it muft neceflarily have been formed by the phlogiflon from the iron, and the pure air in the veflel, at the fame time that the iron became finery cinder by imbibing water from the air I and I have fhewri, that by far the greateft part o weight of this air is water. T he experiments were made w ith a very good burning lens, of fixteen inches diameter, w ith which Mr. P arker has generoufly furnifhed m e; and by means of it I can now make thefe experiments, which require a great degree of heat, with much more eafe and certainty than I could do before.
In 6 1 oz. meafures of dephlogifticated air I melted turnings "of malleable iron till there remained only I f oz. meafure, and of this 44-oz. meafure was fixed air. In 6 oz. meafures of dephlogifticated air, of the ftandard of 0.2, I melted iron till it was reduced to two-thirds of an ounce-meafure, of which one*half was fixed air, and the remainder completely phlogifticated. Again, I melted iron in 7 § oz. meafures o f de phlogifticated air, of the fame purity with that in the laft ex periment, when it was reduced to 1 f oz. meafure, and of this four-fifths was fixed air, and the remainder phlogifticated. In this cafe I carefully weighed the finery cinder that was formed in the procefs, and found it to be nine grains, fo that the iron that had been melted (being about two^thirds o f this weight) had on the Vapour o f Acids, 297 had been about fix grains. I repeated the experiment w ith the fame refult. W hen the dephlogifticated air is more impure, the quantity of fixed air will always be lefs in proportion. Thus, having melted iron in feven ounce meafures of dephlogifticated air of the ftandard of 0.65, it was reduced to 1.6 oz. m. ; and of this only one-third of an ounce mealure was fixed air. This, how ever, is much more than can come from the plumbago in the iro n ; but as the production of this fixed air is by many afcribed to this plumbago, it may be worth while to fhew by computation that it is impofiible that it fhould have this origin. Both the quantity of plumbago in iron, and the quantity of fixed air in plumbago, are much too fmall for the purpofe.
From half an ounce of the pureft plumbago, I fir ft got, in a coated glafs retort, 13 ounce-meafures of air, of which only three ounce meafures were fixed air, the reft being inflamma ble ; then putting it into an earthen tube, I kept it feme hours in as great a heat as I could produce, and got 22 oz. m. m ore; and of this alfo only three were fixed, and the reft inflammable, and the laft portion was wholly fo.
But inftead of fuppofing the fixed air that I got to be that which was expelled from the plumbago in the iron, I will fuppofe that even the whole of this plumbago afforded only one of the elements of the fixed air, phlogifton, or that which the French chemifts call carbone; and that this princi ple, by its union with the dephlogifticated air in the veflel, forms the fixed air, yet on this moft unfavourable and impro bable fuppofition the quantity will be found to be inlufficient.
I f 100 gr. of iron contain, according to M. Bergman, 0.12 gr. of plumbago, 7 gr. (which is the moft that in any of the preceding proceffes I converted into finery cinder) would 4 contain 1^3 Dr. Priestley's Experiments contain only 0.0084 gr. of plumbagoj and if we fuppofe with Mr. Kirwan, that an hundred cubic inches of fixed air con tains 8.14 gr. of phlogifton, the fixed air produced in one of the above-mentioned pro cede 3 (viz. four-fifths of an ounce* meafure) would contain .032 gr. of phlogifton, which is above three times more than the plumbago in the iron could furnifh. It is evident, therefore, that the quantity of fixed air that I found muft have been formed by phlogifton from the iron uniting with the dephlogifticated air in the veflel. If, as 1 have inferred, from burning charcoal of copper in dephlogifticated air (fee Experiment, Vol. VI. p. 272.) fixed air confifts of 3.45 parts of dephlogifticated air and 1.5 of phlogifton, it will be found, that four-fifths of an ounce mea fure of fixed air will contain 0.21 gr. of phlogifton, which is much more than on the fuppofition of Mr. K ir w a n .
Another argument againft the antiphlogiftic do£trine may be drawn from an experiment which I made upon Pruflian b lu e; if the fmall quantity of fixed air, that may be expelled from it by heat, be compared with the much greater quantity which is produced when heated in dephlogifticated air.
Pruflian blue is generally faid to be a calx of iron fuperfaturated with phlogifton, though of late it has been faid by fome that it has acquired fomething that is of the nature of an a c i d \ From my experiments upon it, with a burning lens in dephlogifticated air, I fhould infer, that the former hypothefis is true, except that the fubftance contains fome fixed air, which is no doubt an acid ; for much of the dephlogifticated air difappears, juft as in the preceding fimilar procefs with iron.
I threw the focus of the burning lens upon 2 dw. 5 gr. of Pruffian blue in a veflel of dephlogifticated air, of the ftandard or 0.53, till all the colour was difcharged. Being then weighed, weighed, it was 1 dw. 2 gr. In this proeefs 7* oz. of fixed air had been produced, and what remained of the air was of the ftandard of 0.94. Heating the brown powder to which the Pruflian blue was reduced in this experiment in inflamma ble air, it imbibed 8f oz. m. of it, and became of a black colour; but it was neither attracted by the magnet, nor was it foluble in oil of vitriol and water, as I had expelled it would have been. Again, I heated Pruflian blue in dephlogifticated air, of the ftandard of 0.2, without producing any fenfible increafe of its bulk, when I found three ounce meafures of it to be fixed air, and the ftandard of the refiduum, with two meafures of nitrous air, was 1.35. T he fubftance had loft eleven grains, the greateft part of which was evidently water.
T o determine what quantity of fixed air Pruflian blue would yield by mere heat, I put half an ounce of it into an earthen tube, and got from it 56 oz. m. of air, of which i6 o z. m. were fixed air, in the proportion of one-third in the firft por tion, and one-fourth in the laft. T he remainder was inflam mable. There remained 5 dw. 20 gr. of a black powder, with, a very little of it (probably the furface) brown,
Comparing thefe experiments, it will appear, that the fixed air procured by means of Pruflian blue and dephlogifticated air muft have been formed by phlogifton from the Pruflian blue and the dephlogifticated air in the vefi'el: for if 240 gr. of this fubftance yield 16 oz. meafures of fixed air, ten grains of it (which is more than was ufed in the experiment) would have yielded only 0.6 oz. m. Nor is it poflible to account for the difappearing of fo much dephlogifticated air, but upon the flip* pofition of its being employed in forming this fixed air.
